Homozygous and hybrid clonal lines of rainbow trout {Oncorhynchus mykiss) were confirmed to be isogenic using multilocus DNA fingerprinting. Homozygous clones were produced by androgenesis and gynogenesis using gametes from androgenetic male and female rainbow trout, respectively. Isogenic F, hybrid lines were produced by crossing homozygous fish from different strains. One line of hybrid clones showed segregation for maternally inherited DNA fingerprint markers. The female from this cross, the only presumptive homozygous gynogenetic individual used in this study, was thought to have been produced by gynogenesis followed by blockage of the first cleavage division, but based on the DNA fingerprint analysis, apparently was derived by spontaneous polar body retention that maintained heterozygosity at some loci. Mutations at DNA fingerprint loci were not observed, indicating relative stability of fingerprint loci in the clonal lines. DNA fingerprinting appears to be a useful tool for identifying and genetically monitoring clonal lines of rainbow trout. Isogenic lines of rainbow trout will facilitate the production of saturated genetic maps for rainbow trout and enhance such endeavors as quantitative trait locus (QTL) analysis and loss of heterozygosity (LOH) studies in tumors.
Rainbow trout have been widely studied due to their importance as a food and sport fish and biomedical research animal (Wolf and Rumsey 1985) . The development of isogenic lines of rainbow trout would aid in the development of rainbow trout both commercially, by facilitating quantitative genetic breeding and quantitative trait locus (QTL) analyses, and biomedically as alternative vertebrate model systems. Inbred lines of animals and plants have been valuable for both biomedical research and breeding programs (Burr and Burr 1991; Festing 1979) .
Homozygous fish and amphibians can be produced in one generation using androgenesis and gynogenesis, avoiding the many generations of inbreeding necessary for other vertebrates. Gynogenesis is accomplished by activating egg development with radiation-treated sperm, then restoring diploidy of the maternal chromosomes by applying a shock timed to either induce second polar body retention or prevent the first cleavage division. Polar body gynogenetic rainbow trout, and presumably other organisms, remain partially heterozygous (Thorgaard et al. 1983) ; however, first cleavage block gynogens are totally homozygous. Androgenesis is accomplished in rainbow trout by treating eggs with gamma radiation to inactivate the maternal genome, fertilizing with normal sperm, then restoring diploidy by applying a heat or pressure shock that prevents the first cleavage (Parsons and Thorgaard 1985; Scheerer et al. 1991) . Carp have small clear eggs, allowing androgenesis to be accomplished using UV instead of gamma radiation to inactivate the maternal genome (Bongers et al. 1994 ). These techniques have been used to produce homozygous fish in a variety of species including zebrafish (Streisinger et al. 1981) , medaka (Naruse et al. 1985) , ayu (Han et al. 1991; Taniguchi et al. 1988 ), rainbow trout (Quillet et al. 1991; Scheerer et al. 1991) , and carp (Komen et al. 1991) . Totally homozygous inbred lines can be produced by gynogenesis or androgenesis using gametes from a homozygous individual; YY rainbow trout are viable and typically develop as males (Chevassus et al. 1988; Scheerer et al. 1991) . Such lines and hybrids between them are referred to as clonal or isogenic because of the genetic uniformity of individuals within them.
Long-term projects using inbred lines require that methods be available for screening for genetic contamination of the lines. Multilocus DNA fingerprinting is ideal for this purpose because the high degree of variability at multiple loci dispersed throughout the genome allows a large number of independent loci to be analyzed with a small number of probes (Russell et al. 1993) . DNA fingerprinting was first accomplished in humans using probes that detected a variable number of tandem repeat (VNTR) loci (Jeffreys et al. 1985) . Such patterns have also been detected in fish, and give similar highly variable, individual-specific patterns (Fields et al 1989; Georges et al. 1988; Turner et al. 1991) .
In this study we document the production of five homozygous clonal lines and several isogenic hybrid lines of rainbow trout. The utility of DNA fingerprinting for identifying isogenic lines was demonstrated in this study by detecting heterozygosity in one line of presumed isogenic hybrid rainbow trout. Inbred lines of rainbow trout should be valuable for genetic mapping and QTL analysis, and as a research model.
Materials and Methods

Production of Androgenetic and Gynogenetic Rainbow Trout
First-generation homozygous rainbow trout were produced at Washington State University (WSU) by androgenesis (Parsons and Thorgaard 1985; Scheerer et al. 1986 ) and by gynogenesis by blockage of the first cleavage (Scheerer et al. 1991) . The strains of rainbow trout used to generate homozygotes were Arlee (Arl; Jocko River strain from the University of Washington (UW alb). Fish were raised to sexual maturity in recirculating systems at WSU. Clones of homozygous individuals were produced by collecting sperm from homozygous males and doing another cycle of androgenesis as described above, or by stripping the eggs from homozygous androgenetically or gynogenetically produced females and performing gynogenesis by retention of the second polar body (Thorgaard et al. 1983) . Hybrid clones were produced by crossing a homozygous female to a homozygous male. Cryopreserved sperm from homozygous males was sometimes used to produce both homozygous and hybrid clones when males of that strain were not producing milt (Wheeler and Thorgaard 1991) . The eggs were incubated in Heath trays at 12°C until hatching, then transferred to recirculating systems for grow out.
Testing for Isogenicity
Families of homozygous and isogenic hybrid clones were tested for isogenicity by multilocus DNA fingerprinting. Blood or fin clips were collected and immediately taken to the lab on ice for DNA analysis. DNA extraction, restriction enzyme digestion with Haelll, electrophoresis, Southern transfer, hybridization with alkaline-phosphatase-labeled probes, and detection were carried out as described by Spruell et al. (1994) . The four VNTR probes used were Jeffreys 33.6 [(5'-TGGAGGAGGGC-3') 2 ; Jeffreys et al. 1985 ], a core repeat from M13 [(5'-GAGGGTGGCGGTTCT-3'); Vassart et al. 1987 ] and the simple repeats (GACA) 4 and (CAC) 5 . A 22 bp oligonucleotide from the 5' end of the salmonid-specific small interspersed nuclear element (SINE), Hpa\ (Kido et al. 1991 ) was also used as a probe [(5' -GGCAGGGTAGCCT-AGTGGTT-3'); Spruell and Thorgaard, in press ]. The probes used to test each family are listed in Table 1 . All of the individuals from small families (<5) and a subset of the individuals from the large families were typed to confirm isogenicity. Clonal families were compared to their parent to confirm isogenicity, identify any possible paternal or maternal leakage from incomplete gynogenesis or androgenesis, respectively, and screen for VNTR mutations. Hybrid clones were typed along with both parents, when available, to confirm isogenicity, demonstrate inheritance patterns, and screen for mutations.
Results and Discussion
Five genetically distinct lines of homozygous clonal rainbow trout were produced Probes used (# band > 5 kbp)°3 3.6 (30), Hpa (24) 33.6(31), M13 (16), Hpa (34) 33.6(30), M13 (12), Hpa (32) 33.6(33), M13 (11) 33.6(35), M13 (15) (GACA) 4 (nc), (CAC) 5 (nc) 33.6(37/nc), M13(nc) 33.6 (30/32), Hpa (26/32) 33.6(34/38), M13(nc) 33.6(36/nc), M13(nc) 33.6 (nc), Hpa (24/34), M13 (nc) 33.6 (nc), Hpa (26/32), M13 (nc) 33.6 (nc), Hpa (22/25) 33.6(33/36), Hpa (34/41) 33.6 (var/27), Hpa (var/34), M13 (nc)
Arl 0260 X OSU 7700 was the only line in which the progeny were not genetically identical. NC-not countable: indicates that the exact number of bands could not be accurately counted in either the parents or the offspring; var: indicates a variable number of bands were detected as a result of segregation of the VNTR loci. " The number of bands observed in the homozogyous clones and the observed/expected number of bands in the hybrid clones. 6 Produced by gynogenesis by retention of the second polar body. ' Produced by androgenesis. * Produced by gynogenesis by first cleavage block. and were confirmed to be genetically identical to the parent using DNA fingerprinting. The Arl, HC, LAV alb, and OSU 7700 are male lines that were produced by androgenesis from the sperm of homozygous androgenetic males. The progenitor of the OSU 142 line was an androgenetic female, and the line was produced by gynogenesis followed by retention of the second polar body. The probes used and the number of bands from 5 to 25 kbp that were detected with each probe are presented in Table 1 . The stable inheritance of markers in the offspring confirmed the homozygosity of the androgenetic parents and demonstrated the lack of germ line mutations or maternal or paternal leakage of genetic material due to inadequate inactivation of genetic material during treatment (Figure 1) . The Arl and HC lines are in the fourth generation, the OSU 7700 and OSU 142 are in the third generation, and the UW alb line is in the second generation of clonal propagation.
Hybrid clones were produced by crossing homozygous females and males of different strains to increase the genetic variation within the line. Individuals within all but one line were confirmed to be genetically identical to each other (isogenic) using DNA fingerprinting. This technique enabled even closely related lines to be discriminated. For example, the isogenic hybrid lines OSU 059 X Arl A38, OSU 123 x Arl A38, and OSU 142 X Arl A38 were all derived from crosses between females produced by androgenesis from the sperm of a single male and male Arl A38, and each of these lines had distinctive DNA fingerprint patterns. The fingerprint pattern obtained in the hybrids was consistent across individuals and included bands from each parent (Figure 1) . However, not all bands detected in the parental strains were observed in the hybrid progeny. The observed and expected number of bands in the hybrid clones are presented in Table 1. The reduced number of observable bands in the hybrid progeny likely resulted from the inability to resolve the increased number of closely migrating bands in some regions of the lane. Some lower intensity bands differing in the homozygous parents were also not resolvable as heterozygous alleles in the hybrid progeny. Probe M13 resulted in much higher background which made it impossible to accurately count the number of bands, so it was not used for this analysis. However, these less than optimal DNA fingerprints had sufficient resolution to be useful for confirmation of isogenicity.
DNA fingerprint analysis of one family of presumptive hybrid clones (Arl 0260 X OSU 7700) showed segregation of markers for three probes (33.6, M13, and HPA 1), indicating that one of the parents was not homozygous. We determined that all of the segregating makers were maternally inherited (Figure 2 pected to be totally homozygous because it was produced by gynogenesis by blockage of the first cleavage. The heterozygous loci would be expected if diploidy in female Arl 0260 was restored by spontaneous polar body retention rather than induced first cleavage blockage. Heterozygous gynogenetic rainbow trout have been previously observed following attempts to produce homozygous individuals by gynogenesis (Purdom et al. 1985) . Our results and those of Purdom et al. (1985) demonstrate the need to progeny test all presumed homozygous fish produced by first cleavage block gynogenesis. Gynogenetic trout produced by retention of the second polar body maintain heterozygosity at many loci because of recombination between the centromere and the locus (Al-lendorf et al. 1986; Guyomard 1984; Thompson and Scott 1984; Thorgaard et al. 1983 ). The higher heterozygosity in gynogenetic fish produced by polar body retention would give them a large advantage in survival and growth over homozygous fish and enable them to mature earlier and produce more viable eggs. In this case Arl 0260 was the only fish from that lot to survive to maturity. In contrast, all androgenetic individuals we have tested to date have proven to be homozygous (Scheerer et al. 1991; this study) . Gynogenesis by retention of the second polar body has been used to map loci on chromosomes relative to the centromere in rainbow trout (Allendorf et al. 1986; Guyomard 1984; Thompson and Scott 1984) , zebrafish (Streisinger et al. 1986 ), channel catfish (Liu et al. 1992) , and paradise fish (Gervai and Csanyi 1984) . High interference found on rainbow trout chromosomes allows one crossover, with double crossovers being extremely rare (Thorgaard et al. 1983) , and the map distance from the centromere to the locus can be estimated as one-half the percentage of heterozygous progeny. The proportion of Arl 0260 bands that segregated in the Arl 0260 x OSU 7700 progeny varied among the probes; 33.6 = 13/30 Arl 0260 bands, M13 = 6/22 Arl 0260 bands, and Hpa = 7/29 Arl 0260 bands. In only two of the 26 segregating bands could both alleles of a single locus be observed segregating, which implied that the majority of the bands observed on the DNA fingerprints were single alleles. The presence of both segregating and nonsegregating bands in the progeny of the heterozygous gynogenetic female demonstrated that the VNTR loci were dispersed in the rainbow trout genome. In addition, some nonsegregating bands were likely heterozygous, but far from the centromere, and would not have been identified. VNTR loci have been shown to be dispersed throughout the genome in mice Julier et al. 1990 ) and cattle and have been useful genetic markers in those species. More study is needed to determine unequivocally the distribution of VNTR loci in the rainbow trout genome.
VNTR mutations were not observed in any of the families tested. A total of 92 progeny representing 162 gametes were scored. Mutations that result in a small band shift may not have been detectable on the film. Alternatively, too few gametes may have been observed to detect low levels of mutations. Mutation rates of VNTR loci in other species are variable, ranging from zero to as high as 5.6% per gamete for a VNTR sequence in the willow warbler Gyllensten et al. 1989; Jeffreys et al. 1988; Nakamura et al. 1987) . DNA fingerprinting has been used to confirm genetic identity in inbred populations of mice Russell et al. 1993) , rats (Kunieda et al. 1993) , and the ayu fish (Han et al. 1991) . The DNA fingerprints of two populations of inbred mice from a single line propagated separately for 20 years showed very few changes, indicating VNTR loci in inbred populations can be relatively stable. Given the relative stability of the VNTR loci in our clonal strains of rainbow trout, DNA fingerprinting should be useful for identifying and monitoring these lines.
The use of clonal lines should also facili- tate the study of VNTR mutation rates in fishes.
Induced and naturally occurring clonal fish have been used for carcingenicity testing (Hoover 1984) , but the potential benefits to commercially important fishes such as rainbow trout have not been re-alized. Some of this could be attributed to fertility problems in homozygous females (Quillet 1994; Scheerer et al. 1991; Streisinger et al. 1981 ), but given the high fecundity of most fish species, homozygous lines can feasibly be produced. Inbred individuals have low viability and fertility (Quillet 1994) and may not respond to treatments as normal heterozygous individuals do (Schultz and Schultz 1988) . Isdgenic F, hybrids between inbred lines are likely a better choice for many research trials (Falconer 1981) ; isogenic F, hybrid rainbow trout show more uniform development and increased developmental stability compared to homozygous clones (Young et al., in press) . Hybrids between inbred lines of fish could be used to produce recombinant inbred (Rl) lines (Thorgaard and Allendorf 1988) to facilitate high-resolution genetic mapping. This approach has the advantage that markers can be continually added to the linkage map as the RI lines are propagated. Saturated genetic maps have been produced for mice using this approach (Copeland et al. 1993; Dietrich et al. 1992 Dietrich et al. , 1994 . Such maps facilitate a wide range of other studies, including QTL analysis of polygenic traits (Lander and Botstein 1989) , marker assisted selection of traits (Haley 1991) , and loss of heterozygosity (LOH) studies in tumors (Dietrich et al. 1994) . The multilocus DNA fingerprint markers used in this study provide a large number of usable genetic markers that can be mapped and utilized for these endeavors. VNTR loci have been successfully mapped in mice (Julier et al. 1990 ) and cattle ) and used for QTL analyses (Dunnington et al. 1992 ) and LOH studies (Boltz et al. 1990; Thein et al. 1987) . The five inbred lines of rainbow trout documented here thus represent valuable genetic resources for many future research directions.
